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Abstract — Aims: Teenagers in the UK report some of the highest rates of alcohol use in Europe. We identify patterns of alcohol 
use in early adolescence and relate these to hazardous and harmful alcohol use at age 16. Methods: In a UK birth cohort, we ana- 
lysed repeated measures of alcohol use from age 13 to 15 in a sample of 7100 adolescents. Data on drinking frequency and typical 
consumption when drinking were modelled separately using a pair of latent class models. Classes of alcohol-use behaviour were con- 
trasted across a range of risk factors and then to hazardous and harmful alcohol use as assessed using the Alcohol Use Disorders 
Identification Test scale at age 16. Results: Heterogeneity in drinking frequency and consumption could each be captured with three 
classes corresponding to low, medium and high levels. In total, 14.2% were classified as high-frequency and 8.9% as high consump- 
tion alcohol users. Socio-demographic factors, maternal substance use and the young persons' use of tobacco and cannabis were 
associated with class membership. At age 16, 29% were drinking hazardously and a further 5.6% were assessed as harmful drinkers. 
Young people in the high drinking frequency or consumption class had a 9-fold increased risk of reporting harmful drinking at age 
16. Conclusions: By the age of 16, a substantial proportion of teenagers in this sample were drinking at levels that could be consid- 
ered hazardous or harmful for an adult. Patterns of alcohol exposure in early adolescence were strongly associated with later alcohol 
use. Altering drinking patterns in middle adolescence has the potential to reduce harmful use in later adolescence. 



INTRODUCTION 

In the UK, liver disease, primarily due to alcohol misuse, is 
the fifth commonest cause of mortality and, unlike many 
other major causes of death, is on the increase (Leon and 
McCambridge, 2006; Williams, 2006). The increase in liver 
deaths correlates with the increase in alcohol consumption 
(Academy of Medical Sciences, 2004), and furthermore, 
diagnosis of cirrhosis in young people is becoming more fre- 
quent due to persistent heavy drinking from an early age 
(Williams, 2006). Teenagers in the UK have one of the 
highest rates of substance use in Europe (Advisory Council 
on the Misuse of Drugs, 2006): 21% of those aged 11-15 
years report having used alcohol in the past week; and an 
estimated 13.8% of young people aged 16-19 were alcohol 
'dependent' (Office of National Statistics, 2000). Alcohol 
consumption and hazardous drinking have increased among 
adolescents and young people, e.g. average weekly alcohol 
consumption among women aged 16-19 nearly tripled from 
~5 units in 1992 to 14 units per week in 2002 (1 unit= 8 g 
ethanol) (Goddard, 2007). Early and frequent alcohol use is 
associated with adverse trajectories leading to dependence in 
adulthood (Pitkanen et al., 2005; Hingson et al., 2006) as 
well as several adverse outcomes during adolescence 
(Fergusson and Horwood, 2000; Maughan et al., 2004). 

The use of substances in young people is widespread; 
however, the change in and development of substance use 
are heterogeneous in terms of its onset, progression and peak 
usage. This has prompted a number of longitudinal studies 
of adolescent alcohol use within the last 20 years (e.g. 
Duncan and Duncan, 1994; Schulenberg et al., 1996; Tucker 
et al., 2003). There are a number of well-established advan- 
tages of longitudinal, compared with cross sectional, data in 
clarifying causes, trajectories and consequences of beha- 
viours such as alcohol use (Muthen and Muthen, 2000). 
Recent developments in analytic techniques have been critic- 
al to this work: in particular, latent variable modelling such 



as longitudinal latent class analysis (LLCA) or growth 
mixture modelling which allows for several classes (or sub- 
populations) within a population, each of which has its own 
trajectory (Chen and Kandel, 1995; Agrawal et al., 2007; 
Patton et al., 2007). Such models can bring clarity and 
understanding to often-complex multivariate data sets and 
produce useful summaries of the data, such as latent classes 
or groupings that can serve as both risk factor and outcome 
in further data analysis. 

In this paper, we describe patterns of alcohol exposure 
from age 13 to 15 years in adolescents participating in a UK 
birth cohort. We compare the results obtained when focusing 
on two different alcohol measures — frequency of use and 
typical consumption when drinking. Frequency and con- 
sumption are two familiar measures of alcohol use, and al- 
though correlated, can be associated with distinct outcomes 
(Academy of Medical Sciences, 2004; Spurling and Vinson, 
2005). A range of potential risk factors collected earlier in 
the young people's lives were then used to predict class 
membership. Finally, drinking patterns were related to 
harmful alcohol use at age 16 assessed by the 10-item 
AUDIT scale (Babor et al, 2001). 

MATERIALS AND METHODS 

Participants 

The sample comprised participants from the Avon 
Longitudinal Study of Parents and Children (ALSPAC; 
Golding et al., 2001), an ongoing population-based cohort 
study in the South- West of England. More detailed informa- 
tion on the ALSPAC study is available at http://www.alspac. 
bris.ac.uk and details on how to apply to use ALSPAC data 
can be found at http://www.bristol.ac.uk/alspac/sci-com/ 
collab-policy/. The primary source of data collection was via 
self-completed questionnaires; however, since the age of 7 
years, the ALSPAC study children have been invited to the 
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annual clinic for a variety of hands-on assessments. All 
aspects of the study were reviewed and approved by the 
ALSPAC Law and Ethics Committee, which is registered as 
an Institutional Review Board. Approval was also obtained 
from the National Health Service Local Research Ethics 
Committees. 

Repeated measures of alcohol use 

Two ordinal measures of alcohol use were derived from 
questions asked via computer terminals in three clinics. The 
median ages at attendance were 12 years 10 months, 13 
years 10 months and 15 years 5 months, which we simplify 
to 13, 14 and 15 years, respectively. Measures created were: 
(a) drinking frequency — classified into three categories as: 
none, occasional (has had a drink in the last 6 months but 
does not drink weekly), weekly use; (b) typical consumption 
— the number of units of alcohol the respondent consumes 
on a typical day when they have had a drink — classified into 
in five categories as: none, 1 or 2, 3 or 4, 5 or 6, 7 or more. 

Alcohol problem-use outcome at age 16 

In a postal questionnaire administered at age 16 (median age 
16 years 7 months), the young people completed the self- 
reported version of the 10-item Alcohol Use Disorders 
Identification Test (AUDIT; Babor et al, 2001). Here, we 
used the standard cut-offs for non-hazardous (total score <8), 
hazardous (total score 8-15) and harmful (total score 16+). 
Respondents answering 'No' to the stem question on alcohol 
use since the age of 15 were assigned a score of zero and 
retained for further analyses as members of the non- 
hazardous group. 

Risk factors 

Risk factors included: (a) demographic variables collected 
pre-birth, which comprised sex, housing tenure (coded as 
owned/mortgaged, privately rented, subsidized housing 
rented from council/housing-association), crowding status 
(coded as the ratio of number of residents to number of 
rooms in house), maternal educational attainment (coded as 
no high school qualifications, high school, beyond high 
school) and parity (coded as whether study child is first/ 
second/third child or greater); (b) young person's risky beha- 
viours collected through focus clinic at age 13 years and 
postal questionnaire at 11 years, which comprised cigarette 
use and cannabis use at 13 years (yes/no), conduct problems 
at 11 years (score of 0-1/2-3/4+ on the conduct problems 
subscale of the maternal report Strengths and Difficulties 
Questionnaire; Goodman and Scott, 1999) and, (c) maternal 
substance use in the offspring's later childhood collected via 
questionnaire, which comprised maternal smoking at off- 
spring age 12 years (yes/no), maternal alcohol consumption 
at offspring age 12 years (evidence of bingeing and high 
weekly consumption derived from detailed record of beers, 
wines and spirits consumed in previous week), maternal can- 
nabis use at offspring age 9 years (yes/no). 

Statistical analysis 

LLCA was used to extract patterns of alcohol-use behaviour 
from data on (a) drinking frequency, and (b) typical con- 
sumption. These data consist of different response strings, for 



instance non-drinkers would have the response '000', while 
persistent heavy drinkers would respond '444' and increasing 
drinkers '013'. LLCA assumes that variability in response is 
due to a latent (unobserved) grouping. Starting with a single 
class, additional classes are added until the various assess- 
ments of model fit reach an acceptable level. Akin to factor 
analysis, this latent categorical variable should explain the 
associations within the set of repeated measures such that 
within each latent class, respondents are homogeneous and 
also that the repeated measures are independent of each other 
(i.e. there is conditional independence). 

To establish the optimal number of latent classes, we used 
(a) the sample-size adjusted Bayesian information criterion 
(BIC; Schwarz, 1978), (b) the Bootstrap Likelihood Ratio 
Test (BLRT; Nylund et al., 2007) which assesses the im- 
provement in model fit for each additional class, (c) entropy 
— a measure of the separation of the classes based on the 
posterior class membership probabilities (Ramaswamy et al., 
1993) and (d) bivariate model fit information — a test of the 
conditional independence assumption — using Pearson's 
In all models, multiple random starts were used to help 
achieve the optimal maximum likelihood solution. Model 
fitting was carried out in Mplus version 6 (Muthen and 
Muthen, 2010). 

Risk factor and outcome modelling 

The resulting classes of alcohol use from the analyses 
described above were then used as a pair of categorical 
outcome variables. A two-stage modelling approach was fol- 
lowed in which class assignment probabilities for the chosen 
LLCA models were exported from Mplus and read into Stata 
version 11-MP2 (StataCorp., 2009). For each respondent, 
100 random draws were made from their own set of class as- 
signment probabilities, creating 100 data sets. Variability 
across these data sets would reflect the uncertainty in class 
assignment for each respondent. The effect of risk factors on 
the class membership for drinking frequency and the level of 
consumption was then assessed through a series of univari- 
able multinomial regression models with results pooled 
across data sets using Rubin's rules (Little and Rubin, 1987). 
The aim of these analyses was to provide support for the 
derived latent classes by verifying their association with 
established alcohol-use risk factors. Finally, the relationship 
between latent classes and subsequent AUDIT score was 
assessed using multinomial regression. Models were adjusted 
for the potential confounding effects of the earlier risk 
factors described above. 

Missing data considerations 

An advantage of longitudinal models such as these is that 
full information maximum likelihood (FIML) estimation 
permits the inclusion of partially complete data. In contrast 
to imputation, FIML directly estimates all parameters using 
all available data (Enders, 2001; Enders and Bandalos, 2001) 
and, in the case of an unconditional mixture model, is based 
on the assumption that missing data are missing at random 
(MAR) conditional on the observed repeated measures data. 
Owing to weak social patterning of alcohol use in this 
cohort, and the minor difference in alcohol use prevalence 
seen between complete case and partially complete samples, 
we feel confident in assuming MAR. 



Predicting adolescent drinking 
Table 1 . Measures of alcohol-use in restricted (complete case) and unrestricted (all available data) samples 
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13 years 14 years 15 years 



All available data Complete case All available data Complete case All available data Complete case 



Drinking frequency 



None 


4690 (77.0%) 


3190 (79.3%) 


3429 (60.0%) 


2494 (62.0%) 


915 (17.9%) 


777 (19.3%) 


LT weekly 


1052 (17.3%) 


621 (15.4%) 


1869 (32.7%) 


1276 (21.7%) 


3078 (60.4%) 


2434 (60.5%) 


Weekly 


351 (5.8%) 


210 (5.2%) 


414 (7.3%) 


251 (6.2%) 


1107 (21.7%) 


810 (20.1%) 


Total 


6093 


4021 


5712 


4021 


5100 


4021 


/pical consumption 














None 


4791 (78.7%) 


3128 (80.9%) 


3482 (61.0%) 


2441 (63.1%) 


1666 (34.1%) 


1389 (35.9%) 


1 or 2 units 


1046 (17.2%) 


611 (15.8%) 


1773 (31.1%) 


1168 (30.2%) 


1743 (35.7%) 


1392 (36.0%) 


3 or 4 


148 (2.4%) 


69 (1.8%) 


322 (5.6%) 


183 (4.7%) 


716 (14.7%) 


539 (13.9%) 


5 or 6 


59 (1.0%) 


33 (0.9%) 


101 (1.8%) 


60(1.6%) 


400 (8.2%) 


291 (7.5%) 


7+ 


46 (0.8%) 


26 (0.7%) 


33 (0.6%) 


15 (0.4%) 


364 (7.5%) 


256 (6.6%) 


Total 


6090 


3867 


5711 


3867 


4889 


3867 



A shortcoming of these methods is that they deal only 
with non-response among the repeated measures and hence 
the regression models described above will be affected by 
any missing data among the risks factors used. The FIML 
approach will permit the inclusion of covariates, and this 
can strengthen the MAR assumption if necessary; however, 
any missing data among these covariates will reduce the 
sample available for analysis. This is also true of the two- 
stage approach described above where gains made through 
FIML may be lost in the second stage when covariates are 
incorporated. Models and software for dealing with covari- 
ate non-response within a longitudinal mixture model 
setting are still in their infancy and previous work within 
the substance use literature has often adopted a relatively 
simplistic approach to these issues such as the use of a 
single imputed data set (Li et al., 2001; Hix-Small et al., 
2004). For the current analysis, with the aim of understand- 
ing patterns of alcohol use in adolescents, we took a prag- 
matic approach, focusing on an FIML estimation of our 
maximal partially complete sample. Comparisons were 
made between the complete- and partially complete data set 
in terms of the number, the prevalence and profile of the 
latent classes extracted, and also on any conclusions made 
from the risk factor modelling. We go on to discuss the 
limitations of this approach including potential bias that 
may arise due to non-response in the covariates. 



RESULTS 

For the measures of drinking frequency used in the longitu- 
dinal analysis, 4021 young people provided a complete set 
of three responses, with a further 3079 partial responders 
giving a total of 7100 cases. Figures for the measure of 
typical alcohol consumption were similar with 3867 and 
3215 cases, respectively, giving a total of 7082. Preliminary 
work showed evidence of an association between degree of 
missing data and gender as well as housing tenure, parity 
and maternal education with complete responders being 
more likely to be female, have parents who own their own 
home, have a mother educated beyond high school and have 
fewer siblings. Table 1 shows there are slightly lower rates 
of alcohol use within the complete case samples where all 
three repeated measures are available. 



Latent class analysis 

Between one- and three-class models were compared for 
drinking frequency, and up to four classes were considered 
for typical consumption. Model fit statistics are shown in 
Table 2. Insufficient degrees of freedom did not permit the 
fitting of a four-class model for frequency. There is good 
support for a three-class model with both the alcohol mea- 
sures. The incomplete data bring more uncertainty reflected 
in poorer entropy and higher values of bivariate fit, however, 
the three-class models are still deemed acceptable. 

Figure 1 shows the extracted patterns for drinking fre- 
quency and typical consumption for the partially observed 
data sets. To simplify the figures, we present the within class 
probabilities of (a) drinking on a weekly basis, and (b) drink- 
ing three or more units on one occasion. Complete ordinal 
profiles of drinking behaviour are available on request from 
the first author. For both drinking frequency and typical con- 
sumption, we have named the resulting latent groups as high, 
medium and low. 

The results were as follows: for drinking frequency, 
53.2% were classified as low frequency with very little 
drinking from 13 to 14 years and occasional drinking by the 
age of 15; 32.5% were classified occasional drinking by 14 
years and all are drinking by 15 years with a quarter drinking 
on a weekly basis. Finally, 14.2% were classified as high- 
frequency drinkers with the majority drinking throughout the 
time period and almost two-thirds drinking weekly by age 
15. For typical alcohol consumption, 58.8% were in the low 
consumption class with 1-2 units by age 15 but little before 
this age; 32.3% were in the medium consumption class 
where about half had consumed 1-2 units by age 13 and a 
third had had 3+ units by age 15. Finally, the high consump- 
tion class of 8.9% consumed to a higher level throughout the 
time period with three quarters drinking 3+ units by age 15 
and a third drinking 7+ units in one sitting. The prevalence 
of different classes of behaviour was very similar for the 
smaller complete case samples. 

There was reasonable concordance in the latent grouping 
derived from the two models with two-thirds of the young 
people in the 'same' category for frequency and consump- 
tion. For example, of the 7082 respondents, 45% were classi- 
fied as low on both frequency and consumption, 17% as 
medium on both and 4.2% as high. Twelve percent were 
classified as low consumption/medium frequency, 8.2% 
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Table 2. Model fit statistics for latent class analyses 



Drinking frequency 



Typical consumption 



Complete-case data 
Number of classes 
Parameters 
aBIC 

Lowest entropy value 
Bivariate fit 
BLRT 
Partially observed data 
Number of classes 
Parameters 
aBIC 

Lowest entropy value 
Bivariate fit 
BLRT 



1 

6 

19365.7 
1944.2 



1 

6 

27671.5 
3745.9 



2 
13 
17911.2 
0.838 
139.3 
<0.001 

2 
13 
25864 
0.819 
264.6 
<0.001 



3 
20 
17816.8 

0.728 

2.1 
<0.001 

3 
20 
25745.8 
0.712 
5 

<0.001 



1 

12 

22307.2 

1881.1 



1 

12 
32577.2 

3693.2 



2 
25 
21247.1 
0.884 
223.6 
<0.001 

2 
25 
31248.1 
0.854 
462.5 
<0.001 



3 
38 
21158.3 

0.79 
37.2 
<0.001 

3 
38 
31141.5 

0.742 
70.3 
<0.001 



4 
51 
21198.7 

0.727 
12.6 

0.112 

4 
51 
31190 

0.609 
38.5 

0.116 



Sample: frequency of use (complete = 402 1/partial = 7100), typical consumption (complete = 3867/partial = 7082). aBIC, sample-size-adjusted Bayesian 
information criterion. Lower values indicate preferred models. BLRT, bootstrap likelihood ratio test. High (non-significant) values indicate no evidence of 
improvement in fit from model with one less class. Chi-square value for assessment of bivariate fit is 65.2 (based on 48 degrees of freedom). Values below 
this threshold indicate no evidence of residual association between measures. That is, measurements are independent, conditional on latent class variable. 
Lowest entropy value corresponds to the class for which class assignment was weakest. Entropy takes values between zero and one. Higher values of entropy 
are preferred. 



(a) 




13yrs 14yrs 
Age 

Drinking frequency (n = 7.KK)) 



15 yrs 



- High consumption 

(8.9%) 



- Medium consumption 

(32.3%) 



- Low consumption 
(58.8%) 




13 yrs 14 yrs 

Age 

Typical consumption (n = 7.082) 



15 yrs 



Figure 1. Resulting patterns from LLCA (partially observed data). 

would be classified as medium consumption/high frequency, 
7.3% as medium consumption/low frequency and 3.7% as 
high consumption/medium frequency class. Only 3% were 



classified as high/low or low/high, leaving little scope for 
further investigation of these highly discordant, yet potential- 
ly interesting, individuals. Prior to the assessment of risk 
factor associations, the resulting three-class models described 
above were re-estimated separately for boys and girls. There 
was no evidence of an improvement in fit using these 
models: BIC values were higher compared with the single 
sample model; and the patterns of response extracted by the 
latent class model within each gender showed good agree- 
ment between boys and girls. 

Risk factors for latent class membership 

Table 3 shows the relationship between adolescent 
alcohol-use risk factors and the latent classes for drinking 
frequency and consumption. These results are based on the 
latent classes derived using FIML estimation and the partial- 
ly observed data set, and hence any drop in sample size is 
due to missing data in the risk factors. Conclusions remained 
relatively unchanged when examining results based on the 
complete case latent class model (data available from first 
author). Results are univariable, considering each risk factor 
in turn. In each case, the outcome has three categories with 
the normative category (low drinking frequency/typical con- 
sumption) treated as the reference. Following each test of as- 
sociation, a post-estimation comparison was made to 
investigate which factors were able to further distinguish 
between the medium- and high -use patterns (data not 
shown). 

Gender and socio-demographic measures 

There was little evidence that class membership varied for 
boys and girls (P = 0.339 for frequency and P = 0.248 for 
consumption). There was weak evidence for an association 
between measures of social position or deprivation and 
drinking frequency but slightly stronger evidence for asso- 
ciations with typical consumption. In the majority of cases, 
lower social position or higher deprivation was associated 
with an increase in the odds of being a high frequency or 
consumption alcohol user, but there was little effect for 



Predicting adolescent drinking 
Table 3. Risk factors for class membership (partially observed data for latent class models) 
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Drinking frequency (reference = low frequency) Level of consumption (reference = low consumption) 





n 


Medium frequency 


High frequency 


P-value 


n 


Medium consumption 


High consumption 


P-value 


Sex 


7100 






0.339 


7082 






0.248 


Male 




1.00 ref 








1.00 ref 






Female 




1.09 (0.97, 1.24) 


1.08 [0.91, 1.28] 






1.09 (0.96, 1.24) 


1.14 (0.93, 1.40) 




Housing tenure 


6856 






0.445 


6839 






0.013 


Mortgaged/owned home 




1.00 ref 








1.00 ref 






Rented 




0.83 (0.65, 1.07) 


0.86 (0.62, 1.19) 






0.83 (0.65, 1.05) 


1.05 (0.72, 1.54) 




Subsidized housing 




0.91 (0.73, 1.15) 


1.10 (0.83, 1.46) 






0.92 (0.73, 1.17) 


1.58 (1.18, 2.14) 




Parity 


6855 






■cO.001 


6840 






<0.001 


First child 




1.00 ref 








1.00 ref 






Second child 




1.16 (1.01, 1.34) 


1.48 (1.23, 1.79) 






1.23 (1.06, 1.41) 


1.47 (1.16, 1.87) 




Third child or higher 




1.22 (1.01, 1.47) 


1.58 [1.25, 1.99] 






1.22 (1.02, 1.46) 


1.81 (1.38, 2.39) 




Overcrowding 


6771 






0.538 


6754 






0.059 


<1 person/room 




1.00 ref 








1.00 ref 






>1 person/room 




0.84 (0.59, 1.21) 


1.06 [0.71, 1.59] 






0.82 (0.57, 1.16) 


1.48 (0.97, 2.27) 




Maternal education 


6811 






0.337 


6795 






0.007 


Qualifications beyond high school 




1.00 ref 








1.00 ref 






High school qualifications 




1.03 (0.88, 1.19) 


1.13 (0.93, 1.37) 






1.03 (0.89, 1.20) 


1.34 (1.05, 1.73) 




No high school qualifications 




1.08 (0.91, 1.28) 


1.26 (1.02, 1.55) 






1.10 (0.93, 1.31) 


1.68 (1.29, 2.21) 




Maternal weekly alcohol at 12 years 


5230 






0.005 


5227 






0.019 


weekly use of <14 units 




1.00 ref 








1.00 ref 






14+ Units/week 




1.19 (1.02, 1.40) 


1.39 (1.13, 1.71) 






1.19 (1.01, 1.39) 


1.35 (1.04, 1.75) 




Maternal alcohol binge at 1 2 years' 1 


5230 






<0.001 


5227 






<0.001 


No 




1.00 ref 








1.00 ref 






Yes 




1.26 (1.08, 1.46) 


1.50 (1.23, 1.84) 






1.27 (1.09, 1.48) 


1.47 (1.15, 1.89) 




Maternal smoking at 12 years 


5424 






■cO.001 


5421 






<0.001 


No 




1.00 ref 








1.00 ref 






Yes 




1.30 (1.06, 1.60) 


1.62 (1.27, 2.06) 






1.29 (1.05, 1.58) 


2.13 (1.60, 2.83) 




Maternal cannabis use at 9 years 


5770 






0.005 


5763 






0.002 


No 




1.00 ref 








1.00 ref 






Yes 




1.43 (1.00, 2.05) 


1.92 (1.32, 2.79) 






1.31 (0.94, 1.82) 


2.23 (1.45, 3.45) 




Self-report smoking at 13 years 


6317 






■cO.001 


6316 






<0.001 


XT™ 




l.UU ret 








1 .UU let 






Yes 




3.33 (2.51, 4.44) 


11.5 (8.75, 15.1) 






3.78 (2.92, 4.91) 


14.9 (11.1, 19.9) 




Self-report cannabis at 13 years 


6338 






<0.001 


6337 






<0.001 


No 




1.00 ref 








1.00 ref 






Yes 




7.19 (2.53, 20.4) 


29.4 (11.4, 75.9) 






7.57 (2.90, 19.8) 


33.7 (13.5, 84.2) 




SDQ conduct problems at 1 1 years 


5669 






0.003 








<0.001 


Low 




1.00 ref 








1.00 ref 






Med 




1.09 (0.93, 1.27) 


1.17 (0.94, 1.46) 






1.10 (0.95, 1.30) 


1.34 (1.03, 1.74) 




High 




1.25 (0.93, 1.67) 


1.93 (1.41, 2.64) 






1.28 (0.97, 1.68) 


2.24(1.52, 3.28) 





SDQ, strengths and difficulties questionnaire. All ages refer to the age of die young person when data was collected. 
"Binge defined as 4+ units of alcohol on one occasion. One unit of alcohol is equivalent to 0.8 g ethanol. 



medium-level alcohol users. For instance, having no mater- 
nal educational qualifications was associated with a 26% 
increased odds of being in the high-frequency class and 
68% increased odds of being in the high-consumption 
class. Subsidized housing was also associated with the 
high-consumption class; however, there was no evidence of 
an association between housing tenure and drinking fre- 
quency. The strongest associations within these measures 
were for parity with an apparent dose-response relationship 
between the number of siblings and rates of high 
consumption. 

Maternal substance use 

There was strong evidence for associations between all three 
maternal substance use measures and drinking frequency and 
consumption class membership. Maternal alcohol consump- 
tion demonstrates a weak gradient effect. Associations were 
stronger for tobacco and cannabis, particularly the latter with 
double the odds of being in the high-drinking frequency and 



high-consumption classes for young people with cannabis, 
using mothers at age 9. 

Young person characteristics 

The cigarette/cannabis use at age 13 is strongly related to 
alcohol-use pattern, particularly for cannabis which was 
associated with being both a medium- and high-level alcohol 
user. Finally, higher levels of maternally reported conduct 
problems at age 11 are strongly related with 
high-frequency/-con sumption with an approximate doubling 
of the odds, but associated with little additional risk for more 
moderate drinking levels. 

Post-estimation differences between medium and high 
alcohol use 

For many risk factors, associations were slightly stronger for 
the level of consumption compared with frequency of use. 
This is probably due to differences in the high-category pre- 
valences (9 vs 14%) resulting in a more extreme group of 
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Table 4. Predicting harmful/hazardous alcohol use at age 16 using patterns of alcohol frequency and consumption 



AUDIT score 





0-7 points non 


■hazardous use (65.3%) 


8-15 points hazardous use (29.1%) 


16 or more points harmful use (5.6%) 


Prevalence 


Unadjusted OR (95% CI) 


Prevalence 


Unadjusted OR (95% CI) 


Prevalence 


Unadjusted OR (95% CI) 


Drinking frequency (n = 


4092) 












Low (56.0%) 


76.0% 


1.00 ref 


21.2% 


1.00 ref 


2.8% 


1.00 ref 


Medium (31.4%) 


56.1% 


1.00 ref 


36.7% 


2.34(1.93, 2.84) 


7.2% 


3.48 (2.28, 5.31) 


High (12.7%) 


40.2% 


1.00 ref 


45.2% 


4.03 (3.15, 5.17) 


14.5% 


9.87 (6.52, 14.9) 


Typical consumption (n 


= 4086) 












Low (61.7%) 


74.2% 


1.00 ref 


22.5% 


1.00 ref 


3.3% 


1.00 ref 


Medium (31.1%) 


53.9% 


1.00 ref 


38.0% 


2.33 (1.94, 2.80) 


8.1% 


3.32 (2.33, 4.73) 


High (7.3%) 


38.0% 


1.00 ref 


47.2% 


4.11 (2.95, 5.72) 


14.7% 


8.63 (5.32, 14.0) 



Prevalence indicates the prevalence of each AUDIT outcome group within each latent class, e.g. 76% of the low-frequency drinkers obtain an AUDIT score of 
0-7 at age 16 years. Odds ratios from multinomial regression models using the non-hazardous use outcome level as the reference. Frequency and consumption 
measures were obtained from LLCA using partially observed data set. 



users in the high category for the 'level of consumption', 
hence establishing a stronger dose response. Consequently, 
there was a greater tendency to observe differences between 
the medium and high use for this outcome. 
Socio-demographic factors conferred a mildly increased odds 
of being a high-level user compared with medium-level user, 
particularly parity (both outcomes) and subsidized housing/ 
no education (consumption outcome only). In addition, ma- 
ternal smoking and cannabis were associated with being a 
high-consumption user compared with medium-consumption 
user [smoking: odds ratio (OR)= 1.65 (1.20, 2.27), and can- 
nabis: OR =1.71 (1.05, 2.79)]. Finally, the young person's 
own characteristics were most able to distinguish between all 
three levels of the outcome, conferring between three and 
four times greater odds of being a high user for the smoking 
and cannabis predictors. 

Relationship with harmful/hazardous alcohol use at 16 

These analyses are based on the subsample of -4100 with an 
estimated latent class membership and also a 16-year 
AUDIT outcome. At age 16, 29% of the young people were 
drinking hazardously and a further 5.6% were assessed as 
harmful drinkers. There was moderate evidence (P = 0.017) 
of an association between the gender and AUDIT score: 
29.7% of girls scored 8-15 on the AUDIT scale (hazardous 
use) compared with 28.2% of boys, and 6.4% of girls scored 
16 or higher (harmful use), compared with 4.6% of the boys. 
Table 4 shows evidence of a strong association between pat- 
terns of alcohol use across ages 13 and 15 and AUDIT 
scores at age 16. Being in the high use class for either drink- 
ing frequency or typical consumption is associated with an 
8- to 10-fold increase in odds of harmful alcohol use at 16. 
Adjustment for gender, demographics and maternal sub- 
stance use led to very minor attenuation (<5%) of the esti- 
mates displayed in Table 4. 



DISCUSSION 

In a large birth cohort, we use LLCA to derive patterns of 
alcohol frequency and consumption in 13- to 15-year-old 
adolescents and measured hazardous alcohol use at 16. 
Variability in frequency of drinking alcohol could be 



captured by three latent classes with 53.2% classed as low, 
32.5% as medium and 14.2% as high-frequency users 
within the partially observed data set of -7000 cases. 
Among the high-frequency users, weekly consumption is 
common by the age of 13 and is practiced by the majority 
by 15. The larger medium-frequency group start off slower 
than their high-frequency peers but by age 15 a large propor- 
tion are drinking on a weekly basis. Variability in typical 
alcohol consumption levels could also be captured using 
three latent classes: with 58.8% low consumption users; 
32.3% medium-consumption drinkers and 8.9% high- 
consumption class who were likely to be drinking three or 
more units by the age of 13 with two-thirds of this group 
drinking 3+ units on one occasion by age 15. We have 
shown consistent clear univariable associations between 
early life risk factors and latent class membership with stron- 
ger effects for the higher alcohol use/consumption groups. At 
age 16, over one in three of adolescents were categorized as 
hazardous or harmful drinkers and 16-year alcohol-use status 
was associated strongly with alcohol-use profile between 13 
and 15 years. 

Strengths and limitations 

While the size of the cohort is a key strength of this study, 
there has been considerable dropout since the study's con- 
ception, and this impacts on analyses both when using the 
complete case and the partially observed data sets of alcohol 
measures. Nonetheless, our estimates of adolescent drinking 
are consistent with relevant UK school and community 
surveys. For example, in 2008, by age 15, 80% of young 
people reported drinking alcohol; 13% were weekly drinkers 
and average consumption (excluding non-drinkers) in the last 
week before the survey was -15.5 units (NHS Information 
Centre, 2009). Furthermore, conclusions in terms of risk 
factors and the AUDIT outcome were consistent across the 
models utilizing complete and partially observed alcohol use 
data, and the profiles and class prevalences from the latent 
class models were also relatively robust to this dropout. 
Previous work examining patterns of adolescent tobacco use 
(Heron et al., 2011) showed marked difference in the preva- 
lence of high-consumption classes obtained with complete- 
and partially observed data set with lower cigarette consump- 
tion among those providing complete data. This is consistent 
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with the earlier finding that compared with smoking; the 
alcohol use in young people within the UK is more moder- 
ately and differentially socially patterned (Macleod et al, 
2008; Melotti et al, 2011) and that social patterning across 
cohorts is not a consistent finding (Wiles et al, 2007). There 
remains the issue of generalizability to the broader ALSPAC 
cohort as these models were based on approximately half of 
the cohort who initially enrolled. In this instance, we feel 
that the results shown here support the notion that whilst the 
relative sizes of the latent classes may differ slightly within 
the larger sample of those who originally enrolled in 
ALSPAC, the associations reported would be robust to this 
loss to follow-up. 

A key limitation of many surveys of alcohol use is that the 
data are based on self-report. However, unlike cannabis and 
tobacco use, there currently exists no reliable biological con- 
firmation of drinking behaviour so the validity of our mea- 
sures may be questioned. In addition, it has been reported 
that the data collection context can impact on the measure- 
ment of drag-use data (Percy et al, 2005; Gracza et al, 
2007) which raised additional issues when measuring the 
substance use behaviour on a cohort of this age. However, 
we feel confident that the approach used by ALSPAC in 
which cohort members attend the ALSPAC premises indi- 
vidually and answer questions at a computer terminal, and 
are given clear assurances of anonymity and confidentiality 
for both clinic and postal questionnaires, will minimize any 
tendency to exaggerate or under-estimate the alcohol use. 
While we cannot rale out misclassification of alcohol con- 
sumption, the reported use of alcohol appears to be consist- 
ent with other surveys in this age group. 

A further limitation to the interpretation of our findings is 
the use of adult cut-points for the AUDIT scale. In adults, 
the AUDIT can also be used to categorize alcohol 'depend- 
ence' (total score 20+) but it is not certain that this is applic- 
able to adolescents (Caetano and Babor, 2006) and hence we 
chose to combine these respondents with the harmful-use 
group scoring 16 or more. Furthermore, some studies recom- 
mend using lower cut-off scores to distinguish hazardous and 
harmful use (Chung et al, 2000; Knight et al., 2003; Cook 
et al, 2005; Santis et al., 2009), but there is no clear consen- 
sus. Without the data to derive adolescent cut-points of our 
own, we opted for the well-established adult grouping — 
which may underestimate the level of hazardous drinking. 

Relating findings to current evidence 

The finding of extensive alcohol use in mid-adolescents is 
consistent with recent UK survey data. For instance, these 
report that most young people by age 16 have tried alcohol 
by age 16, that there seem to be little difference in alcohol 
across the ages for girls and boys and, by age 15 -40% of 
children will be drinking weekly (Currie et al., 2008; NHS 
Information Centre, 2009). What these cross-sectional 
surveys, however, fail to capture is how drinking patterns 
evolve for different subgroups of children. While it is true 
that alcohol consumption increases during adolescence — 
there are different patterns of use — with some children 
engaged in high-frequency and high-consumption drinking. 
It is notable that our cohort and other recent surveys fail to 
detect differences between girls and boys due most likely to 
increase in consumption by girls. For example, the recent 



report of the Adult Psychiatric Morbidity Survey (NHS 
Information Centre, 2007) reported comparative increases in 
alcohol dependence in young women relative to men aged 
16-24. 

The categorization of adolescent alcohol use as high, 
medium and low in terms of both frequency and quantity of 
consumption may seem self-evident and the added value of 
using latent class analysis to derive these categories may not 
be immediately apparent. Nevertheless, there are a number of 
advantages of this data-driven mixture-modelling approach. 
The first is the ability to deal with a large number of differ- 
ent response patterns — there are 125 of these for typical con- 
sumption in the complete-case data set alone; secondly this 
approach allows for the inclusion of more participants as a 
partial set of responses is permitted — it would not be trivial 
to assign respondents to groups by hand if their response 
pattern was incomplete; thirdly, by modelling latent class as- 
signment in a probabilistic way, uncertainty can be preserved 
allowing all respondents to be assigned irrespective of how 
unusual their response pattern may be. 

Previous work describing patterns of drinking in adoles- 
cents has used a variety of measures including frequency of 
heavy use (Tucker et al, 2003; Jackson et al., 2005), fre- 
quency of any use (Blozis et al., 2007), recent quantity of 
ethanol consumed (Wiesner et al., 2007) or composite mea- 
sures derived from a series of questions on alcohol use and 
misuse (e.g. Komro et al., 2010). This work has typically led 
to the extraction of between two and five classes, e.g. two 
(Li et al, 2002), three (Flory et al, 2004), four (Jackson 
et al, 2008) and five (Tucker et al, 2003). It has recently 
been argued that the number of classes identified in such 
analyses may be sensitive to a various aspects of the data 
and chosen model (Jackson and Sher, 2005, 2006, 2008) and 
that an apparent phenotypic variation within and between 
study samples may partly reflect differences in the number 
and type of measures used and the age-range modelled rather 
than true differences in substance use behaviour between 
cohorts. As far as we are aware, the current study is the first 
in the UK to apply these methods to adolescent alcohol use. 
We have found that changing patterns of drinking frequency 
and typical consumption between 13 and 15 can each be ad- 
equately summarized by three classes of behaviour. While 
the class prevalence differed depending on the repeated 
measure employed, the association between class member- 
ship and key risk factors for alcohol use was robust to the 
variables chosen as was the shape and interpretation of the 
patterns of use extracted. In a their paper which employed 
similar measures of drinking frequency and consumption, 
Casswell et al. (2002) concluded that quantity and frequency 
of drinking in adolescence have different trajectories; 
however, our own work does not fully support this finding. 
A possible explanation would be that their models spanned 
the ages of 1 8-26 years where a wider range of drinking pat- 
terns would be expected. 

Implications 

We found very high associations between medium and high 
drinking patterns and hazardous/harmful alcohol consump- 
tion at age 16, which we believe is not tautological. First, the 
exposure derived from data covering the period 13-15 years 
is not measuring hazardous alcohol use but simply indicating 
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medium to high levels in terms of the proportion of adoles- 
cents by age that are drinking on a weekly basis or typically 
consuming more than 3 units when drinking — neither of 
which per se would classify the young person as drinking 
hazardously. Second, our patterns span over 3 years (and 
cannot be distilled or adequately summarized by a single/or 
earliest data point) so it is not a simple case of identifying 
young people at a single point in time who may develop pro- 
blems later. Rather the study points to the importance of re- 
ducing the average levels of drinking among young 
adolescents in order to reduce hazardous drinking at age 
16 — as young adolescents in the high classes of alcohol con- 
sumption and frequency were 9-10 times more likely to be 
hazardous drinkers later in adolescence. 

A recent review of reviews (Newbury-Birch et al., 2008) 
identified 'many adverse consequences of drinking alcohol 
during childhood and adolescence which would seem to out- 
weigh the modest number of positive impacts'. In addition, 
for the first time, The Chief Medical Officer recommended 
that 'an alcohol-free childhood is the healthiest and best 
option'; that 'if children drink alcohol, it should not be until 
at least the age of 15 years'; 'should always be with the 
guidance of a parent or carer or in a supervised environment' 
and 'If 15-17 year olds do consume alcohol they should do 
so infrequently and certainly on no more than one day a 
week' and 'never exceed recommended adult daily limits' 
(Chief Medical Officer, 2009). In this context, our evidence 
suggests that the current alcohol use among adolescents is 
widespread and some distance from public health policy 
recommendations (with many young people drinking at an 
early age, and by late adolescence a significant minority are 
exceeding recommended limits of drinking for adults). 
Multi-component interventions are required in order to min- 
imize and reduce average levels of drinking among young 
and mid-adolescents. 
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